Type I protein C deficiency caused by disruption of a hepatocyte nuclear factor (HNF)-6/HNF-1 binding site in the human protein C gene promoter.
Protein C is a vitamin K-dependent zymogen of a serine protease that inhibits blood coagulation by proteolytic inactivation of factors Va and VIIIa. Individuals affected by protein C deficiency are at risk for venous thrombosis. One such affected individual was shown earlier to carry a -14 T --> C mutation in the promoter region of the protein C gene. It is shown here that the region around this mutation corresponds to a binding site for the transcription factor hepatocyte nuclear factor (HNF)-6 and that this site completely overlaps an HNF-1 binding site. HNF-6 and HNF-1 bound in a mutually exclusive manner. The -14 T --> C mutation reduced HNF-6 binding. In transient transfection experiments, HNF-6 transactivated the wild-type protein C promoter and introduction of the mutation abolished transactivation by HNF-6. Similar experiments showed that wild-type protein C promoter activity was reduced by cotransfection of an HNF-1 expression vector. This inhibiting effect of HNF-1 was reversed to a stimulatory effect when promoter sequences either upstream or downstream of the HNF-6/HNF-1 site were deleted. It is concluded that HNF-6 is a major determinant of protein C gene activity. Moreover, this is the first report describing the putative involvement of HNF-6 and of an HNF-6 binding site in human pathology.